Objective: To use differential gene expression of candidate markers to discriminate benign appendiceal carcinoids (APCs) from malignant and mixed cell APCs. Summary Background Data: Controversy exists in regard to the appropriate surgical management of APCs since it is sometimes difficult to predict tumor behavior using traditional pathologic criteria. We have identified 5 differentially expressed genes (a mitosisregulatory gene NAP1L1, an adhesin MAGE-D2, an estrogen-antagonist, the metastasis marker MTA1, the apoptotic marker NALP, and chromogranin A) that define gut neuroendocrine cell behavior. Methods: Total RNA was isolated using TRIzol reagent from 42 appendiceal samples, including appendiceal carcinoids identified at exploration for appendicitis (no evidence of metastasis; n ϭ 16), appendicitis specimens (n ϭ 11), malignant appendiceal tumors (Ͼ1.5 cm, evidence of metastatic invasion; n ϭ 7), and mixed (goblet) cell appendiceal adenocarcinoids (n ϭ 3), normal appendiceal tissue (n ϭ 5), and 5 colorectal cancers. Gene expression (CgA, NAP1L1, MAGE-D2, MTA1, and NALP1) was examined by Q-RT PCR (Applied Biosystems) and quantified against GAPDH. Results: CgA message was elevated (Ͼ1000-fold, P Ͻ 0.05) in all tumor types. NAP1L1 was elevated (Ͼ10-fold, P Ͻ 0.03) in both malignant and goblet cell adenocarcinoids compared with normal and incidental lesions (P Ͻ 0.006). MAGE-D2 and MTA1 message were significantly elevated (Ͼ10-fold, P Ͻ 0.01) in the malignant and goblet cell adenocarcinoid tumors but not in the appendicitisassociated carcinoids or normal mucosa. The apoptotic marker, NALP1, was overexpressed (Ͼ50-fold, P Ͻ 0.05) in the appendicitis-associated and malignant appendiceal carcinoids but was significantly decreased (Ͼ10-fold, P Ͻ 0.05) in the goblet cell adenocarcinoids. Elevated CgA transcript and protein levels indicative of a carcinoid tumor were identified in one acute appendicitis sample with no histologic evidence of a tumor. Conclusions: These data demonstrate that malignant APCs and goblet cell adenocarcinoids have elevated expression of NAP1L1, MAGE-D2, and MTA1 compared with appendiceal carcinoids iden-From the *P ϭ 0.053 versus ͓incidental.͔ LI indicates locally invasive; LNM, lymph node metastases; LVM, liver metastases.
tified at surgery for appendicitis. This and the differences in NALP1 gene expression (decreased in goblet cell adenocarcinoids) provide a series of molecular signatures that differentiate carcinoids of the appendix. CgA identified all appendiceal tumors as well as covert lesions, which may be more prevalent than previously recognized. The molecular delineation of malignant appendiceal tumor potential provides a scientific basis to define the appropriate surgical management as opposed to morphologic assessment alone. A lthough generally regarded as an insignificant organ, the appendix at the turn of the 19th century was a source of considerable vexation to clinicians since the diagnosis of appendicitis was often difficult and outcome commonly associated with considerable morbidity and mortality. 1 It is of interest that a century later, although the problem of appendicitis has dramatically receded in the pantheon of medical problems, the pathologic delineation and management of appendiceal tumors, particularly carcinoids, remains an area of confusion and difficulty. [2] [3] [4] Even the great medical sage, Maimonides (1135-1204), were he to add a chapter to his remarkable text, A Guide for the Perplexed, would have struggled to define the precise nature of the lesion or define a rational therapeutic strategy given the lack of scientific data available. 5 The histology of the tumor is often equivocal, the identification of microscopic spread often difficult to identify if infection is present, and management decisions are often made on an empiric or purely judgmental basis. This investigation seeks to identify a molecular profile that can define appendiceal malignancy and be used to provide a basis for the development of rational surgical and oncological management.
Appendiceal carcinoids rank among the commonest types of gastrointestinal carcinoid tumor, 6 are usually discovered incidentally at surgery, and often only identified postoperatively on pathologic examination. Although in most instances the tumors are derived from the enterochromaffin cell (EC), there exist a number of variants, which include mucinous (goblet cell) adenocarcinoid, goblet cell carcinoid, and mixed adenocarcinoma-carcinoid. 7 In the latter instance, the distinct signet ring cell features have occasionally led to the diagnosis of poorly differentiated adenocarcinoma. 4, 7 The overall 5-year survival rate (71.0%) is among the best of all types of carcinoids and reflects both the early and often serendipitous detection of the tumor as well as, in most cases, the modest biologic behavior of the lesions. 4, 6, 7 In contrast, the survival of patients with mucinous variants is far less propitious and is estimated overall to be ϳ26 Ϯ 19 months. 8 To date, optimal surgical strategies for appendiceal carcinoid tumors have been inferred from the retrospective analysis of surgical and pathologic series and are based on a variety of criteria including, but not limited to tumor size, mitotic index, meso-appendiceal invasion, lymph node spread, and location of the lesion. 4, 9, 10 Nevertheless, recurrences of these tumors or pseudo myxoma peritonei occurs; the failure to accurately define the biology of the tumor or precisely predict its pathologic behavior plays a major role in these developments. 4, 9, 10 The relationship between the size of a tumor and its malignancy is, in many instances, an epiphenomenon, since metastasis occurs as a result of a series of well-characterized alterations in a variety of genes that define cell adhesion, proteolysis, migration, and angiogenesis. These regulatory genes can be identified at a molecular level and may provide the basis for generating a molecular profile of individual tumors that can be then used to predict behavior and thus allow for a refinement of therapeutic strategy. 11 Histologic analysis per se (of neuroendocrine lesions especially) cannot determine if a tumor is benign or malignant, 12 and despite considerable progress in molecular biology, molecular staging has yet to be integrated into current prognostic/predictive pathologic protocols. 12 In the absence of this combinatorial synergistic approach, the biologic basis of appendiceal carcinoid malignancy and metastasis is unknown and unpredictable; hence, it is currently not possible to accurately or adequately define appropriate surgical management. This is reflected in the large SEER (NCI) database study that concluded that the most important predictor of survival was "extent" of disease and not histology. 13 At this time, no molecular signature exists to differentiate between a malignant and benign carcinoid of the appendix. Such information would be of considerable clinical importance when appendiceal tumors are identified, and the need for further surgery is uncertain, given that current management strategies are based on relatively simplistic macroscopic criteria and light microscopy. 14 Our group has identified the following candidate genes to be differentially overexpressed in a variety of gastrointestinal neuroendocrine cells, including EC and ECL cells: Chromogranin A (CgA), the mitotic regulatory gene NAP1L1, the adhesion gene MAGE-D2, the malignancy marker gene, MTA1, and the caspase-3 activating apoptosis gene, NALP1. 15 In previous studies, we have demonstrated that the differential expression of these genes enables the delineation of localized nonmetastatic (type I/II) gastric carcinoids from aggressive sporadic or neuroendocrine carcinoma type tumors (type III/IV). 16 Based upon the differential expression of these genes in gastric carcinoid tumors, we hypothesize that these genes will enable discrimination between different types of appendiceal tumors (nonmalignant and those identified incidentally at surgery during routine ͓en passant͔ or acute appendectomy versus aggressive and metastatic).
Small intestinal EC tumors (carcinoids) and appendiceal carcinoids are derived from the EC cell, although overall the former behave more aggressively than appendiceal lesions. 7 Nevertheless, both can exhibit local spread, lymph node metastasis and distant (liver) metastases, while the appendiceal goblet cell variants may produce myxoma peritonei and ovarian implantation lesions. 17, 18 To establish and verify the clinical utility of a PCRbased protocol for the tissue resource, we initially examined archival material. For this, we used paraffin-embedded tissue and archival samples, which constitute the majority of bankable tissue available for analysis. We examined archival paraffin-embedded samples (collected between 1965 and 2003 by the Yale Department of Pathology) to evaluate the expression of the marker genes of interest, and we correlated their expression with clinical data, tumor size, and the presence of clinically and histologically documented metastasis. Thereafter, we prospectively examined gene expression in surgically collected appendiceal samples, largely from patients with acute appendicitis, to establish the utility of this molecular approach in readily available samples.
METHODS
These studies were approved by the Human Investigations Committee at Yale University School of Medicine.
Patients and Samples Tissue Specimens
Paraffin-embedded tumor tissue blocks were collected from 25 patients (M:F ϭ 8:17; median age, 40 years; range, 11-95 years) with histologically proven appendiceal carcinoid tumors who had undergone surgical resection for acute appendicitis or a primary tumor between 1965 and 2004 in the Yale University Department of Surgery. Control tissue included colorectal adenocarcinomas (n ϭ 5), and normal tissue samples from adjacent, macroscopically normal, nontumor mucosa (n ϭ 5) were also examined.
Appendiceal samples were prospectively collected from twelve patients (M:F ϭ 8:4; median age, 19 years; range, 6 -38 years) with acute or suppurative appendicitis (n ϭ 11) and one histologically proven invasive appendiceal carcinoid tumor, including mucosa (n ϭ 2), omental (n ϭ 3), and liver metastases (n ϭ 1) who had undergone emergency surgical resection in 2004 at the Yale University Department of Surgery, and snapfrozen in liquid nitrogen.
Tissue Techniques

RNA Isolation
Paraffin blocks were deparaffinized and digested as previously described. 19, 20 Total RNA was isolated from paraffin-blocks or frozen sections using TRIzol reagent (Invitrogen, Carlsbad, CA) as described. 21 RNA was then dissolved in DEPC water, measured spectrophotometrically and an aliquot analyzed on a denaturing gel using electrophoresis to check the quality of RNA isolated.
Q RT-PCR
Fifty-two samples were examined by quantitative realtime PCR using the Assays-on-Demand approach (Applied Biosystems) since this system identifies RNA of 60 to 150 base pairs in length and is thus particularly suitable for paraffin-tissue examination. 20 Messages from Chromogranin A, NAP1L1, MAGE-D2, MTA1, NALP1 and the housekeeping gene, GAPDH, were quantitatively measured as described. 21 Q RT-PCR was performed using the ABI 7900 Sequence Detection System. Total RNA from each sample was reverse transcribed using a High Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA) following the manufacturer's instructions. Quantitative real-time PCR analysis was then performed in triplicate. Briefly, cDNA in 7.2 L of water was mixed with 0.8 L of 20ϫ Assays-on-Demand primer (CgA ϭ Hs00174938; NAP1L1 ϭ Hs00748775, MAGE-D2 ϭ Hs00374760, MTA1 ϭ Hs00183042, NALP1 ϭ Hs00248187, GAPDH ϭ Hs99999905) and probe mix, 8 L of 2ϫ TaqMan Universal Master mix in a 384-well optical reaction plate. The following PCR conditions were used: 50°C for 2 minutes, then 95°C for 10 minutes, followed by 40 cycles at 95°C/0.15 minutes and 60°C /1 minute. A standard curve was generated for each gene using cDNA obtained by pooling equal amounts from each sample. The expression level of target genes was normalized to internal GAPDH. Data were analyzed using Microsoft Excel and calculated using the relative standard curve method (ABI, User Bulletin #2).
Immunostaining of Appendicitis Specimens
Triple-color immunostaining was performed on tissue sections using monoclonal antibodies against CgA to identify the cellular location of this marker. 21, 22 For antigen retrieval purpose, sections were initially immersed in citrate buffer (10 mm sodium citrate, pH 6.0) and subjected to 1 ϫ 10 minutes high temperature-high pressure treatment followed by treatment with 0.3% H 2 O 2 in methanol for 30 minutes at 37°C to inactivate endogenous peroxidase. Slides were then incubated for 24 hours at 4°C with a 1:1000 dilution of the anti-CgA mouse monoclonal antibody (DAKO Corp, Carpinteria, CA) and rabbit anticytokeratin antibody cocktail (AE1/AE3; DAKO Corp) (to identify tumor carcinoid cells). Goat anti-mouse antibodies conjugated to a horseradish peroxidase-decorated dextran polymer backbone (Envision; DAKO Corp) were used as a secondary reagent for CgA, and goat anti-rabbit antibodies conjugated to Alexa-488 fluor (DAKO Corp) were used to identify cytokeratin. CgA staining was visualized with a fluorescent chromogen (Cy-5-tyramide; NEN Life Science Prod-ucts, Boston, MA) and nuclei were visualized by 4Ј, 6-diamidino-2-phenylindole (DAPI). A pathologist (R.L.C.) examifned staining expression.
Statistical Analysis
Results are expressed as mean Ϯ SEM; n indicates the numbers of patients in each study group. Statistical significance was calculated by the two-tailed Student's test for paired and unpaired values as appropriate, with P Ͻ 0.05 representing significance. Linear regression analysis was performed to evaluate the relationship between CgA levels and tumor size.
RESULTS
Clinical Results
Sixteen of the 25 paraffin-embedded appendiceal tumors were carcinoids identified incidentally postoperatively with no evidence of serosal invasion or lymph node metastasis ( Table 1 ). The mean size (ϮSEM) of these tumors was 0.68 Ϯ 0.075 cm. The mean age of the patients at diagnosis was 36.9 years and the follow-up was 113 months. None of the patients subsequently developed lymph node or liver metastases and was considered disease-free.
Nine of the remaining tumors presented with local invasion and liver or lymph node metastases. Three exhibited a goblet-cell phenotype and were considered to be appendiceal adenocarcinoids. The mean size of the 9 tumors was significantly greater than the 16 incidentally identified lesions (2.7 Ϯ 0.4 vs. 0.7 Ϯ 0.08 cm; P Ͻ 0.00002). The mean age of these patients at diagnosis was 57 years and the follow-up was 199 months. One patient subsequently developed liver metastases. All patients in this group were considered overtly disease-positive.
The 11 fresh frozen samples had suppurative appendicitis (n ϭ 3 samples with peri-appendicitis) with no pathologic evidence of carcinoid tumor.
RNA Isolation
RNA isolated from twenty-five paraffin-embedded appendiceal carcinoid tumor specimens and 10 control samples had concentrations ranging from 0.02 to 0.14 g/L. Using Assays-on-Demand (Applied Biosystems), GAPDH was amplified in all samples using Q RT-PCR ( Fig. 1) . These results confirm, as previously determined, that this approach is suitable for paraffin-tissue examination. 20 
Quantitative Real-Time PCR Chromogranin A
Chromogranin A was amplified in all appendiceal tumor samples and was significantly elevated (100 -1000-fold; P Ͻ 0.05) in the incidental and malignant appendices and ϳ50-fold in the goblet cell adenocarcinoids compared with normal mucosa and to colorectal adenocarcinomas (Fig. 2 ). Malignant tumors also had elevated CgA levels compared with incidental lesions (98 Ϯ 41 vs. 1.02 Ϯ 0.6, P ϭ 0.048). The fact that the CgA levels of the goblet cell adenocarcinoids were comparable to the serendipitously identified lesions might be considered to reflect neuroendocrine cell number. An examination of the relationship between tumor size and CgA message levels, however, only identified a moderate correlation between these 2 parameters (R 2 ϭ 0.304, P ϭ 0.063). Although it has been suggested that a relationship Appendiceal Carcinoid Gene Differentiation exists between plasma CgA and tumor size, 23 our data suggest that tumor size and mRNA levels may not be as closely correlated as previously considered. This is consistent with other reports indicating that cellular secretory product levels may have little relationship to plasma values. 24
NAP1L1
NAP1L1 is a nuclear protein involved in chromatin assembly and DNA replication. 25 Messenger RNA levels of NAP1L1 were elevated Ͼ10-fold (P Ͻ 0.03) in malignant appendiceal carcinoid tumors and in goblet cell adenocarcinoids compared with normal mucosa. Levels were also elevated Ͼ100-fold (P Ͻ 0.006) in malignant carcinoids compared with the incidentally identified lesions (Fig. 3) . Levels in colorectal adenocarcinomas were not different to normal mucosa.
MAGE-D2
MAGE-D2 is an adhesion gene and potential predictive marker of colorectal liver metastases. 26 Levels of MAGE-D2 were elevated 10-to 100-fold (P Ͻ 0.01) in the malignant appendiceal carcinoids, goblet cell adenocarcinoids, and colorectal adenocarcinomas compared with normal mucosa (Fig. 4 ). Both malignant appendiceal tumors and colorectal tumors had elevated expression levels of MAGE-D2 compared with incidentally identified carcinoids. No differences in expression were noted between the latter and normal mucosa.
MTA1
MTA1 is an estrogen-antagonistic breast cancer malignancy gene that has been used for the identification of progres-sive (metastatic) disease in a range of tumors including breast, hepatocellular, esophageal, gastric, and colorectal carcinomas. [27] [28] [29] [30] [31] Message levels of MTA1 were elevated 20-to 1000-fold, (P Ͻ 0.01) in the malignant appendiceal carcinoids, goblet cell adenocarcinoids, and colorectal adenocarcinomas compared with normal mucosa (Fig. 5 ). Both malignant appendiceal tumors and colorectal tumors had elevated levels of MTA1 compared with incidental carcinoids. No differences in expression were noted between the incidental tumors and normal mucosa.
NALP1
The apoptotic marker, NALP1, was overexpressed ϳ50to 100-fold (P Ͻ 0.05) in the incidentally identified ("benign") and malignant appendiceal carcinoids compared with normal mucosa (Fig. 6 ). NALP1 was significantly decreased (P Ͻ 0.05) in the goblet cell adenocarcinoids and colorectal adenocarcinomas compared with normal mucosa. In addition, malignant carcinoids had significantly elevated expression compared with all other tumor types.
Clinical Relationship Between Gene Expression Levels and Appendiceal Disease
Two of the 25 patients included in this study were lost to follow-up; both of these patients belonged to the cohort of 16 patients with "incidental" tumors. None of the remaining 14 patients with incidental tumors for whom follow-up information was available was subsequently identified with lymph node or liver metastases (mean follow-up, 113 months; range, 8 -372 months) ( Table 1 ). In the group of 9 patients diag- nosed with malignant tumors, 1 patient developed liver metastases (mean follow-up for this group, 199 months; range, 33-468 months). The small number of patients precludes a robust statistical analysis of this data. Pathologically, the "malignant group" tumors could be separated into tumors with local invasion (n ϭ 3), tumors with lymph node metastases (n ϭ 5), and a tumor with a liver metastasis (n ϭ 1). An examination of gene expression levels in these categories demonstrated that 4 of the 5 candidate genes could be associated with lymph node or liver metastases. Thus, levels of CgA, NAP1L1, MAGE-D2, and MTA1 were ϳ100 fold higher in the tumors that had pathologic evidence of metastases compared with appendiceal carcinoids that were locally invasive. Interestingly, gene expression levels in the tumors classified as locally invasive were not different to the 16 patients with incidental tumors suggesting a threshold of expression may be required prior to the development of metastatic disease. The lack of overlap in gene expression levels between tumors that were classified as incidental (ie, apparently disease-free) and tumors classified as malignant (ie, overtly disease-positive) indicates that the measurement of gene levels (four of the 5 markers) has potential clinical utility.
Prospective Q RT-PCR Analysis of Fresh Frozen Appendices
Levels of CgA were used to determine whether any covert appendiceal tumors could be identified in 11 prospectively collected surgical acute appendicitis cases. Levels were 
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Appendiceal Carcinoid Gene Differentiation compared with normal appendiceal samples and with a highly malignant appendiceal tumor with liver and omental metastases. CgA levels were elevated in the positive controls compared with normal mucosa (P Ͻ 0.0008) and 10 of the 11 appendicitis specimens (P Ͻ 0.005) ( Fig. 7) . Levels of CgA were low in appendicitis samples, except for 1 case (acute suppurative appendicitis with peri-appendicitis) that exhibited CgA levels at ϳ10 times the levels present in other tissues. This was significantly (P Ͻ 0.02) elevated compared with both the normal mucosa and other appendicitis specimens. Expression levels of the other 4 marker genes (NAP1L1, MAGE-D2, MTA1, and NALP1) were not elevated in this sample and levels were not different to expression levels in the 16 "incidental" carcinoids (examined above). Staining of this appendiceal specimen demonstrated the presence of a cluster of CgA immunopositivity (Fig. 8 ). This was absent in samples without elevated CgA gene expression. Based on these observations, it is plausible that one of the 11 surgically resected appendiceal specimens is worthy of consideration to be upgraded to a covert appendiceal tumor.
DISCUSSION
These data demonstrate, using a Q RT-PCR approach in paraffin-embedded tissue, that malignant appendiceal carcinoids, which like small intestinal carcinoids are derived from the EC cell, have elevated expression of CgA, NAP1L1, MAGE-D2, and MTA1 compared with incidentally identified appendiceal carcinoids. Goblet cell adenocarcinoids, which are a mixed cell tumor type that also includes neuroendocrine cells, also expressed elevated CgA, NAP1L1, MAGE-D2, and MTA1 compared with normal mucosa. These levels were not as elevated as in the malignant EC-derived carcinoid tumors. Incidentally identified tumors, like overt malignant carcinoids, had elevated CgA and elevated NALP1 expression. In contrast, adenocarcinoids had significantly decreased NALP1 expression. The difference in NALP1 expression (elevated in appendiceal carcinoids, decreased in goblet cell adenocarcinoids) provides a molecular marker to differentiate between carcinoids and adenocarcinoids of the appendix. Previous studies have not identified specific genetic differences in EC cell-derived appendiceal tumors compared with other appendiceal tumors or to normal mucosa. In one study, no mutations were identified in K-ras, ␤-catenin, or DPC4 in goblet cell carcinoids, and p53 was not elevated, 32 while another study determined that mucinous and nonmucinous carcinomas of appendix had similar genetic alterations. 8 The current study, which uses a defined panel of biologically-relevant Blue, nuclei (DAPI); green, cytokeratin (Alexa488); red, CgA (Cy5). Dual CgA and cytokeratin staining (red and green) results in a yellow color (original magnification ϫ100).
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Annals of Surgery • Volume 244, Number 1, July 2006 marker genes, can distinguish different neuroendocrine tumor types found in the appendix. The clinical relevance of this strategy is highlighted by the observation that none of the patients with low expression levels developed metastasis. Nevertheless, the relatively short follow-up (113 months, although follow-up in 5 of the 16 patients extended Ͼ19 years) indicates that at this stage a degree of caution is necessary in interpreting these results. Patients with high expression levels had preexisting malignant disease or subsequently developed metastases irrespective of the length of follow-up. This group, however, was 2 decades older than patients with incidental tumors, although the difference in age was not statistically significant (P ϭ 0.053, 2-tailed). Clearly, a prospective study with longer follow-up in appropriate sex-and age-matched patients is required to definitively evaluate the relationship between gene expression of these markers and disease progress in appendiceal carcinoids.
While histologic examination is clearly useful in staging appendiceal disease, it is limited since a pattern-recognition technique is vulnerable when early cellular transformation events are occurring and can only broadly predict biologic outcome once obvious changes are evident. The ability to identify at the molecular level gene regulators that govern proliferation and invasion has obvious potential advantages. In this respect, the objective quantification of gene expression levels, particularly genes with defined biologic functions, is of potential considerable clinical advantage. Thus, in patients where a carcinoid tumor of the appendix is identified and the need for further surgical intervention is uncertain since the criteria of tumor size, location, and light microscopy are either inconsistent or provide ambiguous information, it is likely that the determination of gene expression may offer novel predictive information of considerable clinical relevance. Currently, available information on which therapeutic strategy is based requires the exercise of clinical judgment, a commodity both quite variable and sometimes dubious in its application as opposed to objectively quantifiable molecular data.
In the current study, using a PCR-based approach, CgA expression was detected in one of 11 histologically negative fresh-frozen appendicitis samples. Light microscopic examination of tissue sections, (4 m thickness), by a pathologist (R.L.C.) failed to identify a carcinoid tumor. Subsequent immunostaining of this section with anticytokeratin and anti-CgA followed by tyramide amplification of the CgA signal identified clusters of dual-stained cells both adjacent to the lumen and within appendiceal peri serosal fat. The former appeared to have an epithelial morphology but were intensely CgA-positive. The latter were consistent with microcarcinoids. It is possible that injury or inflammation may be implicated in endocrine cell differentiation and that such events represent cytokine mediated phenomena. 33 Alternatively, such agents with well-defined growth factor-like bioactive properties may cause appendiceal endocrine cell hyperplasia. The latter phenomenon has not been carefully examined in the appendix but is well described in association with chronic bronchopulmonary inflammation. 34, 35 In addition, chronic atrophic gastritis is also associated with entero-chromaffin cell hyperplasia and may well reflect a similar series of inflammation-mediated events. 36 It is noteworthy that prolonged infection and chronicity are key requirements in such circumstances. If either of these 2 etiologies were responsible for the elevated CgA noted in our study, we would expect all samples from the 11 patients with suppurative appendicitis to express elevated levels of this marker. This was not the case. We therefore propose that the single patient with elevated CgA message and CgA protein expression is an authentic example of a covert appendiceal tumor detected using a molecular targeted strategy. Additional genetic examination of this specimen, using gene expression of NAP1L1, MAGE-D2, MTA1, and NALP1, identified that levels of these markers were all within normal range. This serves to support the opinion that this specimen was nonmalignant (no expression of malignancy-associated genes) and could potentially be categorized as an incidental nonmalignant appendiceal carcinoid tumor.
This observation suggests that in acute appendiceal samples obtained at surgery covert carcinoid tumor not readily identifiable by standard light microscopy can be identified using a molecular screen. Indeed, our previous demonstration that approximately 25% of histologically normal lymph nodes in small bowel carcinoid resections are CgA-PCR-positive (indicative of covert metastasis) suggests that this technique will be of similar utility in the identification of covert appendiceal neuroendocrine tumors. 37 In general, the detection rate for appendiceal carcinoids using standard histologic techniques in appendectomy samples is approximately 1%. 38 Our study, using a more sensitive PCR molecular genetic approach, suggests that this may well be higher.
RNA isolation from paraffin-blocks is becoming an increasingly acceptable method for examining gene expression. In the current study, RNA was isolated from all samples and the genes of interest were readily amplified. This confirms the utility of this technique in appendiceal carcinoid samples as has been previously demonstrated for other tumor types and tissue samples including Barrett's esophageal adenocarcinomas and breast tumors. 19, 20, 39 Furthermore, CgA transcript levels from these paraffin blocks could be related to protein expression levels identified on a tissue microarray. 37 Correlating CgA transcript from the current study with protein levels of CgA measured by AQUA in the same appendiceal tumors demonstrated these were significantly related: R 2 ϭ 0.40, P Ͻ 0.03. The absence of an absolute correlation may either reflect a degree of RNA degradation or more likely the well-described discrepancy between mRNA and protein expression profiles due to differences in transcript processing and protein stability. 40
CONCLUSION
Our data demonstrate overexpression of CgA and NALP1 in appendiceal carcinoids, overexpression of NAP1L1, MAGE-D2, and MTA1 in malignant appendiceal carcinoids and mixed cell (goblet cell) adenocarcinoids, and decreased expression of NALP1 in the latter tumor type. We therefore propose that this evaluation supports the utility of the measurement of such biomarkers to differentiate appendiceal tumor types both in Annals of Surgery • Volume 244, Number 1, July 2006 Appendiceal Carcinoid Gene Differentiation paraffin-embedded and fresh frozen samples. The ability to identify occult carcinoid tissue by CgA expression with such amplified sensitivity also indicates that this technique may have application in the detection of appendiceal tumors or their metastasis, which cannot be identified by conventional pathologic techniques. The implications for altering staging and hence therapeutic strategy are of clear clinical relevance.
